Introduction
In recent years, sustainable development has received renewed global interest as an increasing number of firms are reporting profitability from sustainability investments (Rohrbeck et al., 2013) . In addition to corporate interests, there is an upsurge in political interest in sustainable development amidst public awareness and pressure . This renewed corporate, political, and public interest in sustainable development is spurred by major trends shaping the emerging future such as climate change, rapid population growth and urbanization, increased pollution, and scarcity of critical raw materials. The global nature of these environmentally relevant challenges means that short-term quick-fix solutions are not applicable, so it has become vital that sustainable development encompasses long-term and far-reaching changes in technology, infrastructure, lifestyles, and institutions (Rennings, 2000) . Although not sufficient, technological changes are regarded as necessary for sustainable development (del Rio González, 2009) , and recent efforts by international organizations such as the OECD to stimulate industry towards sustainability (cf. OECD, 2009) point to the need for continued efforts in the rapid development and diffusion of environmental technologies (Rennings, 2014; Suzuki, 2014) .
Since the early 1990s, academic discourse has provided insights into environmentally conscious design (ecodesign), including its concepts, models, methods, tools, and their application (e.g., Alting and Legarth, 1995; Baumann et al., 2002; Karlsson and Luttropp, 2006; Ramani et al., 2010) . Ecodesign mainly addresses material selection, packaging, part recyclability, modular structure, and functional optimisation within physical products. In the late 1990s, research about Product/Service System (PSS) (Boehm and Thomas, 2013; Meier et al., 2010; Mont, 2002; Mont and Tukker, 2006; Tukker, 2013) emerged in part to overcome some limitations of ecodesign. PSS design enhances ecodesign by incorporating service (repair, performance guarantee, take-back, etc.) into the design space. PSS typically addresses products such as a copier, an aircraft engine, or a production machine with their related services. However, a gap exists between the long-term and far-reaching changes needed for sustainability and the insights gained from ecodesign and PSS design. This gap is characterised by three limitations. First, little literature exists about ecodesign and PSS design that targets large scaled environmental technology systems such as district heating supply, waste management, and renewable energy systems. Second, most of the literature about ecodesign and PSS deal with business-to-consumer and business-to-business context, but these large-scaled systems are often dealt with in the context of business-to-government as well. Third, these large systems are typically associated with changes in social norms, cultural values and formal institutional structures and conditions that are typically outside the focus of ecodesign and PSS design. However, non-technological changes can potentially deliver system-wide environmental improvement needed for sustainable development compared to improvements that only focus on processes and products (OECD, 2009 ).
Among different reasons, the lack of proper handling of the business aspects of environmental technology development is deemed as a significant barrier in their diffusion (Cerin et al., 2007) . As signals for the development and diffusion of environmental technologies continue to grow strong, it has become evident that improvements are needed in the current efforts and approaches to exploit their development, diffusion, and implementation (Kanda et al., 2013) . The concept of business models oriented towards sustainability can provide a link between firm efforts and system-level sustainability, and this insight is receiving attention from researchers, policy makers and business managers alike . Similarly, business models are expected to provide relevant support for firm-level development and diffusion of environmental technologies, particularly within the framework of sustainability. What makes such business models even more compelling is that current short-term profitability-oriented business models and strategies can cause economic, ecological, and ethical problems and stifle the diffusion of environmental technologies including the expected environmental benefits.
The goal of this article is thus twofold: to offer an expanded view on ecodesign of Product Service Systems (PSS) using a perspective of large technical systems, and to propose and discuss important components to consider when developing business concepts for the diffusion of large scaled environmental technology systems. The expansion of the focus of PSS to include insights from large technical systems is motivated by the distinguishing characteristic of environmental technologies, which is to improve environmental performance. Even though environmental performance is influenced by several factors, the design dimension is decisive for several technologies (Carrillo-Hermosilla et al., 2010) . Thus, an expansion of PSS design from products and services to large technical systems embodies potentially radical environmental improvements in comparison with environmental improvements from modifications in products and services. Furthermore, to deliver such environmental improvements, these large technical systems need market introduction and diffusion. Ultimately, the capacity of environmental technologies to contribute to sustainability transitions depends on the interplay between the design dimension and factors influencing market introduction, including the engagement of key stakeholders (CarrilloHermosilla et al., 2010) . This link between the design dimension and diffusion is what the twofold research questions guiding this study aim to provide.
To achieve these goals, we discuss environmental technology diffusion and the concepts of ecodesign and PSS design in Section 2, ending with a theoretical expansion of PSS design to large technical systems which corresponds to the first goal of the article. In Section 3, we then present the research method used to answer the second goal. Next, in Section 4 our findings from the empirical case studies are presented. In Section 5, we go on to propose and discuss components of business concepts for the diffusion of environmental technology, corresponding to the second goal of the article. Finally, in Section 6 we conclude on the research goals and identify further research opportunities.
Expansion of ecodesign from products and services to large technical systems
This section starts broadly with the concept of environmental technology, including its definition in the context of this article, before narrowing down to a review of some conceptual frameworks on the diffusion of environmental technologies. We then highlight some particular characteristics of large technical systems which could influence their diffusion. In addition, we discuss the concepts of ecodesign and PSS design, ending with a theoretical expansion in the focus on these concepts to encompass large technical systems, which corresponds to the first goal of the article. Furthermore, these discussions also serve as inputs both for the empirical data collection and analysis.
Environmental technology diffusion
The term "environmental technology" (ET) is used synonymously with a variety of terms such as "environmentally sound technology", "cleantech", "green technology", and "low carbon technology". Since the term has no internationally agreed upon definition, different definitions exist in the academic and public domains ( See Guziana, 2011for a broader review on different definitions on the term). For example, Kemp (1997, p.11 ) defines environmental technology broadly as each "technique, process or product which conserves or restores environmental qualities" (cited in (Guziana, 2011) . In the public discourse, the EU (2004, p.2) defines environmental technologies as: "all technologies whose use is less environmentally harmful than relevant alternatives. They encompass technologies and processes to manage pollution (e.g. air pollution control, waste management), less polluting and less resourceintensive products and services and ways to manage resources more efficiently (e.g. water supply, energy-saving technologies)". Despite the academic debates on the definition of the term, the realisation of actual environmental improvements as against the intention for environmental improvement, the radical or incremental nature of such technologies, and whether the term encompasses both technical and non-technical aspects, a defining characteristic of environmental technologies is their environmental improvements. Thus, in this article we refer to "environmental technology" as technologies (products, services, and large technical systems) whose development and use actually provide or are intended to provide better environmental performance from a life cycle perspective compared to their relevant alternatives. Our understanding of the term is purposively broad and includes different types of technologies developed by the studied companies targeted at waste management, renewable energy and district heating supply. In addition, we embrace both the actual realisation of environmental benefits and the intention to do so with technical and nontechnical approaches as part of our understanding of the concept of environmental technology.
On the phenomenon of technology diffusion, Rogers defines diffusion in a broad sense as "the process by which an innovation is communicated through certain channels over time among the members of a social system" (Rogers, 2010) . Technology diffusion describes the aggregate adoption decision by a population of potential adopters over time and is influenced by numerous factors, and is thus complex to model in its entirety (Kemp and Volpi, 2008) . Departing from the seminal contribution of Rogers, some recent theoretical frameworks on the diffusion of environmental innovations are relevant in the context of this article. For example, Beise and Rennings (2005) introduce the concept of lead markets to analyse countries that first adopt a globally dominant innovation design, and thus enjoy leadership in the international diffusion through export of the innovation and by setting the global standard. They identify five advantages as influential in the creation of such lead markets for "environmental innovations": (i) price advantage, (ii) demand advantage, (iii) transfer advantage, (iv) export advantage and (v) regulation. Moving on from the national to firm levels, other contributions (e.g. Hockerts and Wüstenhagen, 2010) focus on supply-side concepts such as the "David and Goliath model". The authors discuss providers of "sustainable innovations" (i.e. start-ups vs. incumbents) including their different roles, specific opportunities and challenges, and interactions between their entrepreneurial initiatives under the context of industrial transformation towards sustainability. The authors propose a dynamic view of industrial transformation where the initial phase is characterised by sustainability initiatives by idealistic start-ups, while the second phase is characterised by the response of incumbents with higher quality position who mimic some of the initiatives of start-ups and try to bring them to the mainstream markets. Based on these previous contributions and an empirical analysis of the diffusion pathways of a hundred "sustainability innovations", Fichter and Clausen (2012) identify seven key factors of particular significance in the diffusion of sustainability innovations. These factors are: (i) the market power of established providers, (ii) political push and pull, (iii) the influence of pioneers, (iv) purchase incentives, (v) compatibility with routines, (vi) price and economic viability and (vii) the transparency of innovation.
For adopters, the decision to adopt an environmental technology is influenced by a variety of technological, social, economic, and institutional factors (Montalvo, 2008) . Some of these factors are internal to the firm (e.g., financial commitment, absorptive capacity such as technological competency, and skilful human resources) and the commitment of top management. Other decision factors are external to the firm, such as regulation and pressure from networks and competitors (del Río González, 2005) . Particular adoption factors related to the technology itself include its complexity, alignment with existing systems (Mejía-Dugand et al., 2012) , the importance of financing (del Rio González, 2009) , and the requirement of collaboration from multiple actors (Rohrbeck et al., 2013) . These previous contributions present factors which influence the diffusion of environmental technology from the perspective of the technology provider and potential adopter, also on the national and firm levels.
With regards to the technology characteristics, large technical systems such as district heating supply, waste management, and renewable energy systems -the focus of this articleencompass capital-intensive infrastructure with a broad range of technical components and technologies and a variety of associated actors and institutions (Markard and Truffer, 2006) . The system components are often closely interrelated and are shaped by various kinds of technical norms, organizational practices, and institutional regulations, all of which coevolved with the technical system and contribute to its stability and inertia to change. Similar large technical systems can be identified with water supply, railway, and telecommunication systems. Although the term large technical systems often suggest a technical system, it also encompasses non-technical aspects such as regulations, norms, user patterns, standards, networks, and investors. The consideration of both technical and non-technical aspects in large technical systems opens up the potential for system-wide environmental improvements compared to environmental improvements focused solely on technical dimensions (OECD, 2009) . For example, compared to the use of motorcycles and personal cars, case studies indicate that public buses reduce both local and global greenhouse gas emissions and stimulate changes in policy, vehicle engine technology, and user behaviour (Dirgahayani, 2013) . Even so, some conceptual examples also indicate both environmental and economic benefits from large integrated district heating systems compared with decentralised heating (Wang et al., 2010) . Furthermore, if these large technical systems are designed and developed using extended insights from ecodesign and PSS design, potentially radical system-wide environmental improvements can be obtained acknowledging the decisive role the design dimension contributes to the environmental performance of environmental technologies (Carrillo-Hermosilla et al., 2010) .
Expansion of ecodesign and Product/Service System design
Within the contexts of innovation, production and consumption, sustainable development is operationalized using different strategies. Early industrial approaches in the 80s focused on pollution control mainly with "end-of-pipe" technologies. In the mid-90s, approaches focused on pollution prevention and cleaner production with "front-of-pipe" technologies and a philosophy to anticipate and prevent environmental damage (OECD, 2009) . Within this proactive approach, strategies such as environmentally conscious product design -ecodesign -emerged.
Ecodesign deals with the integration of multifaceted aspects of design and environmental performance, with the main objective to improve product development with environmental considerations (Karlsson and Luttropp, 2006) . Different terms are used to refer to the same notion as ecodesign, e.g. life cycle design (Alting and Legarth, 1995; Ramani et al., 2010) , design for environment (Fiksel, 1996) , and green product development (Baumann et al., 2002) . The integration of environmental considerations has been partly motivated by the significant impact the design phase of a product has on environmental performance during its production, use, and end-of-life treatment (Lindahl, 2005) . Although several definitions exist for ecodesign, Karlsson and Luttropp (2006) conclude that ecodesign is about design in and for a sustainable development context. Different methods and techniques for ecodesign (e.g. Baumann et al., 2002; Ramani et al., 2010) have been developed, and some are used in industry today (e.g. Knight and Jenkins, 2009 ). These methods and techniques support material selection, design for recyclability, modular design, product packaging, and functional optimisation. Although ecodesign is crucial for the environmental performance of products (e.g., personal computers and refrigerators), criticisms exist over the potential increase in total life cycle environmental impact of ecodesigned products. Sakao and Shimomura (2007) , for example, point out that ecodesign is the design of a product that by definition excludes control over the subsequent phases of the product's life such as its production, use, and end-of-life treatment.
Partly as a response to the limitations of ecodesign highlighted above, the concept of Product-Service System (PSS) was introduced (Mont and Tukker, 2006) . The PSS concept focuses on delivery of functionality by combining products and services to satisfy customer needs with a potentially lower environmental impact than traditional product sales (Mont, 2002) . For example, Rolls-Royce offers gas turbine engines and related services under a contract termed "power-by-the-hour" and is paid for performance rather than for selling engines (Smith, 2013) . Instead of companies selling more products to maximize revenues, PSS approaches incentivise companies to minimize material consumption and increase product reuse, remanufacturing, and recycling. Different methods have been developed for PSS (Meier et al., 2010; Tukker, 2013) , and environmental benefits from PSS are claimed in some practical cases (Lindahl et al., 2014 ). Yet, insights from ecodesign and PSS design gained thus far are not sufficient for the ecodesign of large technical systems, which often deal with business-to-government contexts as well as non-technological dimensions such as social norms, cultural values, and formal institutional structures. In particular, a combination of technological and non-technological changes can potentially deliver system-wide environmental improvement compared to modifications in processes and products (OECD, 2009 ). This theoretical expansion of environmentally conscious design from products and services to large technical systems in depicted in Figure 1 below. <<Position of Figure 1>> Figure 1. Expansion of ecodesign from product and service to large technical system.
In Figure 1 , the vertical axis depicts potential environmental benefits in this theoretical expansion. The potential environmental benefits delivered from concepts such as ecodesign and PSS design have been gained from improvements in products and services with few insights on large technical systems such as district heating supply, waste management, and renewable energy systems. However, large technical systems that combine technological (e.g. processes and products) and non-technological (e.g., institutions, organisations, human factors, and social factors) dimensions have the potential for much more significant environmental improvement (OECD, 2009), needed for sustainability. This is because they consider several technical components, actors, and institutions, areas where this article expands ecodesign, using examples of large scaled environmental technology systems. Business models offer possibilities for operationalization, such an expanded view on product-
Method
This section discusses the logic used to select the case companies, how data were collected, and how the data were used. As stated in the introduction, the goal of this article is thus twofold: to offer an expanded view on ecodesign of Product Service Systems (PSS) using a perspective of large technical systems, and to propose and discuss important components to consider when developing business concepts for the diffusion of large scaled environmental technology systems. Since business modelling based on large scaled environmental technology systems is a still a budding research topic (Rohrbeck et al., 2013) , we chose an explorative-qualitative approach (see Yin, 2008) . We intend to shed light on the phenomenon under investigation by collecting and analysing data from selected cases and discussing potential generalization implications.
In this study, the case companies selected for in-depth investigation are characterised by large scaled environmental technology systems that require multiple actors, technical components, and institutions to collaboratively act for a common purpose. Table 1 presents the interview coverage and some overview information on the selected case companies. As shown in Table  1 , examples of such large scaled environmental technology systems include waste management systems (sorting, collection, transportation, and end-treatment), biogas for transportation systems (biogas production, distribution, and use), and incineration with energy recovery (electricity and district heating supply). The selected companies are an outcome of our focus on large scaled environmental technology system developers who are actively engaged in diffusion activities. In addition, our ability to access empirical information through face-to-face interviews and company documentation/website reading restricted the scope of our selected companies to Sweden. These companies enrich the study because with their focus on different environmental technology offerings (electricity and district heating, biogas production and distribution, and material recycling), any common pattern that emerges is of particular interest in capturing the core experiences of a particular phenomenon under investigation (Olausson and Berggren, 2012) -in this case technology diffusion.
The empirical data collection followed an in-depth investigation of selected cases with a combination of different data collection approaches and data sources. The first step in the data collection was to review scientific literature around the concepts of environmental technology and its diffusion, ecodesign, product service systems design, and business models, an approach that provided a theoretical point of departure both for the research design and input for the analysis of the empirical data (as depicted in Figure 1 ). Semi-structured face-to-face interviews, which lasted between 60 and 120 minutes, were conducted with selected top management and/or other employees who were actively involved in the development of business models for diffusion activities. As can be seen in Table 1 , the interviewees included chief executive officers who made strategic decisions with an overview of the entire organization, as well as employees who were actively involved with business modelling and diffusion activities. The interview questions addressed large scaled environmental technology diffusion, including their particular characteristics, their business models, as well as barriers and drivers for the diffusion of such technologies. The interview guide was sent to the interviewees while booking the interview appointment to give them ample time to gather relevant empirical information. Two researchers conducted the interviews to enhance the diversity and interactions during the discussions with the possibility for follow-up questions. The interviews were transcribed within 24 hours of each interview and sent back to the interviewees for further validation. This step was done to keep the content accurate from both the interviewer and interviewee perspectives. Secondary data from the company websites and annual reports were used to complement this primary data, particularly in validating the information obtained from the interviews and also triangulating the gathered empirical data. The data collection was done in the spring and summer of 2012. <<Position of Table 1>> The empirical data from the cases above serve different purposes in this article. First, the empirical data have been used to describe how the selected case companies engage business approaches to diffuse large scaled environmental technology systems (Section 4). In addition, particular characteristics of large scaled environmental technology that influence their diffusion have been identified from the empirical data in Section 5.2, and these characteristics serve as input for the proposed components of the business concepts described in Section 5.3. In analysing the collected data, a thematic approach was chosen (Stebbins, 2001; Wolcott, 2008) . In this approach, we iteratively looked for emerging themes and patterns in the collected data relevant for the goals of this paper. This iterative search for themes and patterns was done by the two researchers who participated in the interviews to guarantee content validity. Our proposed components of business concepts have also been presented to the studied companies for their feedback and corroboration. In addition to the corroboration with the studied companies, we also cross-checked our proposed components with aspects which the interviewees had explicitly ranked as important in the diffusion of large scale environmental technology systems. The method for the entire study is summarised in Figure 2 below.
Figure 2: Summary of the method followed in entire study.
<<Position of Figure 2>> Goal and scope definition (Section 1)
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Empirical findings
In this section we present empirical findings on the diffusion of large scaled environmental technology systems by selected companies. In total, four case companies (Usitall AB, Svensk Biogas, Swedish Biogas International and VafabMiljö) related to district heating supply, waste management, and renewable energy systems are presented based on interviews and documentation studies mentioned in Table 1 in the method section. The activities of Tekniska Verken AB Linköping are integrated into its subsidiary company, Usitall AB, which is mainly responsible for diffusion activities.
Case 1: Usitall AB (waste-to-energy systems)
Usitall AB, a subsidiary of Tekniska Verken AB Linköping, was established in 2008 to engage in the diffusion of waste-to-energy solutions based on the resources and competence of its parent company. Usitall AB specializes in the development of waste-to-energy projects (district heating and electricity supply from solid waste incineration). Its targeted markets are Central and Eastern European countries based on the (i) projected availability of raw materials (i.e., municipal solid waste), (ii) demand for heating and already existing district heating infrastructure, (iii) European Union legislation banning the landfilling of organic waste, and (iv) the non-existence of established strong competitors in the market. The company's business development consists of four phases: (i) establishment; (ii) secure sponsor; (iii) secure financing; and (iv) construction (Figure 3) . Each stage has a particular activity, since this business development is based on their core competence, i.e. the ability to develop and operate waste-to-energy systems in collaboration with other competencies such as knowledge of local culture and legal requirements, which is often gathered with the help of other partners.
<<Position of Figure The entire project of constructing a waste-to-energy facility for incineration with energy recovery is estimated to take between seven and ten years from securing the first agreement to finished construction. The characteristics of the raw material and the end-products being dealt with in these projects means that the business model has to accommodate different kinds of Construction markets interacting with each other. These include the waste-as-material market that determines their access to waste as raw material, the technical market from which to choose appropriate technologies, and the commercial market for the heat and electricity produced. Dealing with these different but related markets can be a difficult and demanding task, as the company has to meet both formal and informal expectations from various actors and institutions in these different markets to conduct business successfully. Usitall AB has used incineration plants that have been built and run by its parent company, Tekniska Verken AB Linköping, for several years as a reference project to build trust, demonstrate competence and gain legitimacy from relevant actors and institutions in the diffusion of waste-to-energy system solutions.
Case 2: Swedish Biogas International (Biogas digesters and production processes)
Swedish Biogas International (SBI), established in 2006, specializes in building and operating biogas production facilities. The target customers are municipalities in Sweden and other countries such as the USA and South Korea. The company's operations in South Korea have been terminated partly because of differences between the home and the host market (e.g., differences in customer preferences, business culture, laws, and regulations). The company was engaged in these markets mainly because of the availability of secured public funding to undertake the biogas projects, supply of raw materials, and the demand for the end products from the biogas production. Future market interests include Poland and other Baltic countries because of the demand for proper end-treatment of farm residues and run-off threatening the Baltic Sea. SBI employs an active marketing strategy through participation in conferences, advertisement, exhibitions, and guided tours of its biogas production facilities to potential customers. SBI often employs a variety of approaches to enter a market depending on the target customer. SBI has entered new markets by focusing on government-funded projects (e.g., entering the US market was facilitated by a grant agreement between the Michigan economic development agency and the Swedish government) as well as by developing biogas plants for self-financed private customers (e.g., farmers with biogas production raw materials). SBI also offers services for optimization of the biogas production process at a fee. The company also builds industrial-sized plants for municipalities and other larger customers with business approaches customized to fit the various markets and customer needs. This focus on providing individualized services is due to the fact that each customer uses different input material, each country has its own regulations, and the products from the biogas production process have different market value based on customer preferences, market incentives, and regulations. For example, biogas as a vehicle fuel is not a very interesting option in the US because of the low prices for competing fossil-based vehicle fuels. In addition, in some states of the US, the raw materials for biogas production, for example from animal slaughter, are not sorted and thus contain a mixture of digestible and non-digestible components that have to be pre-sorted before use. The company thus has to be aware of the different regulations in different markets and how these regulations influence the design and operation of their biogas plants, including business models for their diffusion.
Case 3: VafabMiljö (waste-to-energy and material recycling systems)
Vafab Miljö is a municipality-owned company focused on solid waste management with over 30 years of experience. The company specializes in anaerobic digestion of organic waste and solid waste material recycling collected from owner municipalities. The company interest in market expansion is partly motivated by the objective to recruit and keep employees by being an attractive place to work and to contribute to global sustainability. In their approach, the parent company dedicates some of its employees to finding financial aid from international development-oriented organizations such as the Swedish Agency for International Aid (SIDA) so they can engage in market expansion projects abroad. The company's foreign market expansion activities are thus pre-financed before the commencement of any such activity. VafabMiljö deals with large technical systems such as waste management systems focused on the recycling of solid waste. Such systems incorporate the collection, transportation, and end-treatment of waste, and the delivery of the end product to the market. To be able to develop such a proper functioning waste management system requires effective waste management regulatory frameworks, the cooperation of citizens through proper waste sorting, and the existence of companies to provide end-treatment including a viable market for end products. The company thus collaborates with other actors such as politicians, universities, private companies, and citizen groups (both home and abroad) to undertake such market expansion activities. To some extent, the content of their activities is determined by the funding agency that supports the project, a relationship that also contributes to their legitimacy based on the international reputation of such funding agencies.
Case 4: Svensk Biogas (Biogas production systems)
Svensk Biogas focuses on biogas production from organic waste, distribution and use as vehicle fuel. The company's research and development (R&D) unit focuses on developing knowledge and competence for optimizing biogas production processes; with expertise in this area, the R&D unit occasionally undertakes diffusion initiatives outside its owner municipality both in Sweden and abroad. As the R&D unit is in the very early phases of market expansion activities, it simultaneously uses different business approaches, including licensing patent agreements, securing government-funded projects, using city networks and responding to unsolicited customer requests. Their main source of market expansion activities has been through a licensing agreement with Kemira, a private chemical manufacturing company headquartered in Finland and operating throughout Europe, serving customers in waste-intensive industries. The R&D unit has developed an additive for biogas optimization which is part of a product manufactured and sold by Kemira. Svensk Biogas then receives a license fee based on the amount of this product Kemira sells. In addition, the R&D unit has had two small projects abroad in Malta and Estonia that aim to optimize biogas production processes in already-established biogas production facilities. These facilities pay Svensk Biogas for consulting hours and the delivery of technical reports. Svensk Biogas markets their offerings by attending industrial conferences and also participating in their owner city's networking abroad. The use of such city networks and industrial conferences is a way of getting access to foreign market information, getting international attention and also gaining some legitimacy from relevant stakeholders, since often large-scale biogas production systems are owned by cities which can relate more to the challenges and solutions of other cities.
Future targets for market expansion include the United Kingdom and some countries in Eastern Europe partly motivated by a high concentration of biogas plants, which gives an indication of the potential need for technical competence on production processes and optimization.
Components of business concepts: synthesis and discussion
In this section we synthesise and discuss components of business concepts for the diffusion of large scaled environmental technology systems. We refer to our proposed components as part of a business "concept", since they represent a higher level of abstraction derived from our specific case studies compared to a business "model". We start with a review of some previous literature which covers business models on products, services and PSS in Section 5.1. In Section 5.2, we identify characteristics of large scaled environmental technology systems based on our case studies that were particularly influential in their diffusion. Finally, in Section 5.3 we propose components of business concepts for the diffusion of large scaled environmental technology systems based on gaps between basic components synthesized from the business model literature as well as particular characteristics identified from our case studies.
Review of relevant business models
As a definition, Amit and Zott (2001) state that "a business model depicts the content, structure, and governance of transactions designed so as to create value through the exploitation of business opportunities". Previous literature presents various perspectives on business models under the broad umbrella of sustainability. Boons and Lüdeke-Freund (2013) review literature on business models for sustainable innovation and propose four general normative requirements of business models for successful marketing of "sustainable innovations" as: value proposition, supply chain, customer interface and financial model. Building on the literature review by Boons and Lüdeke-Freund (2013) , Bocken et al. (2014) provide a categorisation of sustainable business model archetypes based on a review of both academic literature and industry practices. They present three general groupings on the dominant areas of innovation under sustainable business models as: technological, social, and organisational-oriented innovations. The technological grouping includes archetypes with a dominant technical innovation component (e.g. manufacturing processes and product design); the social grouping covers social innovation components such as innovations in consumer offerings and changing consumer behaviour; and archetypes in the organizational grouping have a dominant organisational innovation change component.
This article mainly deals with technological innovations (district heating supply, waste management, and renewable energy systems), but the socio-technical nature of such systems in focus means that they have some social and organizational aspects as well (cf. Bocken et al., 2014) . Below is a description of more concrete business models from selected literature that we deem relevant for the studied large technical systems. These selected business models follow the space of expansion from ecodesign from products and services to product-service systems. Osterwalder and Pigneur (2010) present a general business model that can be applied across different offerings, types, and industrial sectors. Mason and Spring (2011) present business models for products, whereas Lay et al. (2009) present business models based on products and services in business-to-business contexts. Okkonen and Suhonen (2010) discuss business models for heat energy production typical of large technical systems. These selected business models are elaborated on below.
As a practical guide, Osterwalder and Pigneur (2010) introduce the "business model canvas" that builds on nine blocks: key activities, key partnerships, key resources, cost structure, revenue streams, channels, value proposition, customer segments, and customer relationships.
For physical products such as music players, Mason and Spring (2011) propose the "business model framework", which consists of three core elements for business modelling: technology, market offering, and network architecture. These core elements are based on theories in technology and innovation studies, industrial marketing, operations strategy, and evolutionary economics. Each element has multiple dimensions (Figure 4) . <<Position of Figure For combined product and service offerings, Lay et al. (2009) identify relevant parameters to describe business models: ownership during phase of use, ownership after phase of use, responsibility for production personnel, responsibility for maintenance personnel, payment model, number of customers, and location of operation. Each parameter has several options, as shown in Figure 5 .
<<Position of Figure 5>> Figure 5. Morphological Box as a framework to describe new business concepts (Lay, et al. 2009 ).
Looking at the area of heat energy production, Okkonen and Suhonen (2010) researched several factors influencing transfer of know-how and technologies between regions, transferred objects, stakeholders involved in processes, and transfer media. They propose four main parameters in business models: investment, ownership, operation (e.g., heat production and fuel supply), and earning logic.
From the reviewed literature of business models, we synthesized six components as a foundation for our business concept components. The synthesis steps are elaborated on in Section 5.3 where they directly connect to components of the business concept for the diffusion of large scaled environmental technology systems. From the literature, our synthesized basic components are:
• Ownership and responsibility Market refers to a system through which producers and customers engage in exchanges. Finance covers both the cost incurred in creating customer value and the revenue obtained from delivering customer value, as well as its appropriation among actors involved in the business concept. Finance encompasses key revenue streams, payment model, and cost structure. Key resources refer to the technological, financial, and intellectual competence needed to exploit a business opportunity and to create customer value. These key resources are needed to create and deliver the customer value. Activities refer to vital activities that the firm undertakes to exploit business opportunities. Partnership refers to key partners needed for the business concept to function. Ownership and responsibility covers the assignment of ownership and responsibility for the technology during use and after use if applicable.
The components synthesised above from previous literature form a basis to develop business concepts for the diffusion of large scaled environmental technology systems. These basic components synthesised from the literature are further enriched with specific characteristics of large scaled environmental technology systems identified in our analysis in the next section.
Analysis of characteristics of large scaled environmental technology systems
To develop business concepts for large scaled environmental technology systems, it is necessary to identify their particular characteristics. Table 2 summarizes such characteristics on the left based on the empirical cases presented in Section 4. On the right, Table 2 shows each characteristic's reference or relation to existing scientific literature. For instance, González (2009) identified several characteristics of environmental technologies that may affect their development and diffusion:
• "the inertia to stick to existing technologies";
• complexity (e.g., additional training is needed);
• compatibility with the existing production systems; and • high initial investment.
In addition, for the development and diffusion of different types of environmental technologies, different determinants should be considered depending on the country (González, 2009). For instance, adoption and use of most end-of-pipe technologies such as air pollution filters and wastewater treatment is typically influenced by regulation, since many firms have traditionally perceived investment in such technologies as an extra cost as they are often add-ons to existing production systems for environmental protection and clean-up (González, 2009 ). In addition, Corvellec and Bramryd (2012) studied the business model of two waste management companies in Sweden and found that these companies deal with four different markets: political, waste-as-material, technical, and commercial. Working with all of these markets, which have different attributes and interrelationships, are strategic challenges for such companies (Corvellec and Bramryd, 2012) . Table 2 . Characteristics of large scaled environmental technology systems.
<<Position of Table 2>> Now, the ultimate question is "how can one support the design of this type of business concept?" In seeking an answer to this, the authors have selected characteristics of the business concept to be developed. The business concept should address a systems approach including non-technological dimensions, the complexity of large scaled environmental technology systems and the influence of market regulations in their diffusion, as pointed out in the case descriptions in Table 2 above.
Adjustment of existing business model components
To formulate business concepts based on environmental technology offerings we used an iterative three-step process to synthesize components from existing business model literature (Section 5.1), to extract relevant characteristics of large environmental technology systems from empirics (Section 5.2), and to formulate business concepts for their diffusion (Section 5.3). Figure 6 below depicts our approach. (Corvellec and Bramryd, 2012) Need to adapt to the target market (including regulation) (interviews, SBI; Usitall AB)
Compatibility with the existing production system (Mejía-Dugand et al., 2012) Relevance of systems approach (including social and human aspects) (interviews, VafabMiljö; Usitall AB) Sustainability-driven innovations require multiple organizations to act in an orchestrated fashion (Rohrbeck et al., 2013) <<Position of Figure 6>> Based on the analysis of previous literature and empirical analysis, the article proposes adjustment of the important components for a business concept synthesised from the existing literature. First, we add legitimacy as a new component. Second, we add two sub-components: regulation under market and public-private partnership under partnership. See the sub-section below for a deeper discussion on the new (sub) components and the reasoning behind their addition, and more importantly their relation to our case studies. Altogether, there are seven components and two sub-components of the proposed business concept for the diffusion of large scaled environmental technology systems: In developing the above set of components, Step 1 as shown in Figure 6 followed a review of academic literature to establish a basic foundation on business models. This step was based on the understanding that there were a number of existing approaches for business modelling in general, and that business modelling for large scaled environmental technologies would share certain similarities with existing approaches. Both generic business models (Mason and Spring, 2011; Osterwalder and Pigneur, 2010) and specific business models -i.e., models that deal with product service offerings (Lay et al., 2009 ) and entrepreneurship -address heat entrepreneurship (Okkonen and Suhonen, 2010) were reviewed. The focus was on reviewing different approaches to business modelling -a selection strategy for complementary outcomes (Yin, 2008) . As stated earlier, the four business models we selected also follow the space into which this article expands ecodesign for products, service systems, and to large technical systems.
In
Step 2, the notion of a similarity and complementarity outcome among different sources about a particular phenomenon was used in synthesising and abstracting from previous literature. As explained by Olausson and Berggren (2012) , any common pattern that emerges from variation of sources is of particular interest when analysing the shared dimensions of a particular phenomenon. In total, six components were synthesized at the end of this step. The relation of the synthesised components to the existing components of business models is shown in Step 2, Figure 6 .
In Step 3, we compared the characteristics of large scaled environmental technology systems found from the empirical data with the synthesized components from the business model literature. As can be seen in Figure 6 , some of the characteristics of large scaled environmental technology systems (LSETS) are covered by existing business modelling approaches, although their "complexity" and "systems approach" are not explicitly addressed. We introduce one new component, Legitimacy, and two new sub-components, Regulation as part of "Market" and public-private partnership (PPP) as part of "Partnerships", to explicitly address and lay emphasis on their systemic nature and complexity. Even though these new (sub) components are linked to the "complexity" and "systems approach" of large environmental technology systems, they also interact with their other characteristics, such as their relatively high financial investments compared to products and services, and also the need to adapt to different market conditions. These new components are influenced by the characteristics of our selected cases, but similarities can be drawn to other large technical systems such as telecommunication and railway systems (Markard and Truffer, 2006) . The new components, which are particular for the diffusion of large environmental technology systems, are discussed further below.
The addition of private-public partnership is motivated by the systemic nature of such large scaled environmental technology systems, as different actors have to collaborate (Rohrbeck et al., 2013) to enable the proper functioning of the system. For example, public funders and private companies need to collaborate to finance such large scaled environmental technology systems because of the high capital investments and the risks involved. For instance, as the case studies indicate, the entry of Swedish Biogas International into the US market was facilitated by a grant agreement between the Michigan economic development agency and the Swedish government (interview, Swedish Biogas International Project manager and process engineer). Similar emphasis on private-public partnership is mentioned by the Chief Executive Officer of Usitall as important in securing financing for the establishment of wasteto-energy facilities because of the relatively high investment and risks involved (interview, Usitall Chief executive officer). As indicated in the case of VafabMiljö, collaboration between public and private actors goes beyond financing to construction, ownership and operation of systems for waste collection and recycling facilities. To develop a functioning waste management system requires effective waste management regulatory frameworks, the cooperation of citizens through waste sorting, and the existence of companies to provide endtreatment for waste fractions (interview, VafabMiljö Development engineer).
The sub-component regulation is emphasised as a new sub-component because of the significant influence regulations have on the diffusion of environmental technology (del Rio González, 2009) . Regulations define what is meant by waste, its characteristics and what the outcomes of its processing should be in different markets. As indicated by Usitall, waste-toenergy systems interact with different markets which are highly regulated. For example, dealing with waste as a raw material, technological choices for waste treatment and the commercial market for electricity and heat are issues of strategic management, particularly in international diffusion activities (interview, Usitall Chief executive officer). Relating to the literature, Corvellec and Bramryd (2012) recognise that companies dealing with waste-toenergy systems tackle different kinds of markets, and need to follow the regulations for these markets to operate, and more so to meet stipulated standards such the environmental targets as well as gain legitimacy. This is particularly the case for Swedish Biogas International (SBI), who modifies their technologies and services based on the raw material and regulations on the target market. For example, biogas as a vehicle fuel is not a very attractive option for SBI in the US because of the low prices for competing fossil-based vehicle fuels. In addition, regulations in some parts of the US mean the raw materials for biogas production from animal slaughter are not sorted and often contain indigestible components that have to be pre-sorted before processing (interview, Swedish Biogas International Project manager and process engineer).
Legitimacy, as a new component, refers to social acceptance and the compliance with relevant institutions and regulations (Bergek et al., 2008) . The technology provider needs to be considered capable and trustworthy by relevant actors for resources to be made available, for demand to form and to collate the systemic actors needed around such large technical systems. For example, to develop waste management systems abroad, VafabMiljö requires the cooperation of citizens through proper waste sorting, collaboration with potential partners for ownership, management, and proper end-treatment of sorted waste. The company thus collaborates with other actors such as policy makers, educators, private companies, and citizen groups and must gain the trust of such actors for activities to progress (interview, VafabMiljö Development engineer). Gaining the trust of such stakeholders would be influenced to some extent by the legitimacy of the technology and its provider and its alignment with existing formal and informal expectations. The process of legitimation is not given, is complicated, and takes a long time (Bergek et al., 2008) . Strategies for legitimation also include "manipulation" (i.e., changing the rules of the game), "conformance" (i.e., choosing to follow existing social and formal expectations), and "creation" (i.e., influencing and developing new institutional frameworks). In the case of environmental technologies, achieving legitimacy through compliance can follow conscious company strategies to comply with market regulations and standards, proof of concept and long-term operations, and sustainability meanings of the business concept to enable the provider to build competence and trustworthiness. Analysing the legitimacy of the technology and its providers from the perspective of relevant actors could prove important in the diffusion of large scaled environmental technology systems.
The proposed components of business concepts can serve as important discussion points for practitioners when planning the diffusion of large scaled environmental technology systems. Several systematic plans of action can be taken by the technology provider based on their position in relation to the proposed components. For example, the proposed new components of business concepts could be incorporated into existing business models used by technology providers such as the business model canvas.
Relating to reviewed literature on the diffusion of environmental technology in general, Beise and Rennings (2005) contribute with factors influencing the diffusion of environmental technologies on the national level, Fichter and Clausen (2012) focus on relevant factors from the perspective of the environmental technology provider, and del Río González (2005) provide insight from the environmental technology adopter's perspective. Hockerts and Wüstenhagen (2010) provide understanding on the roles of different types of environmental technology providers, while Carrillo-Hermosilla et al. (2010) identify key dimensions of environmental technologies that influence their environmental performance and market introduction. On the other hand, (Bocken et al., 2014) ; Boons and Lüdeke-Freund (2013) ; ) discuss aspects of business models for sustainable innovation which are coherent with the new components identified in this paper particularly relating to legitimacy, regulation and private public partnership. In relation to these previous contributions, this article extends the discourse on how technology providers can deal with the business aspects of diffusion, a discussion which is still budding in the literature.
Conclusions and further research
This article started with two goals: to offer an expanded view on ecodesign of PSS using a perspective of large technical systems, and to propose and discuss important components to consider when developing business concepts for the diffusion of large scaled environmental technology systems. Specifically, this article represents a first attempt to expand ecodesign of products and PSS to that of large technical systems by considering the potential system-wide environmental benefits, a discussion that has been missing in previous literature on PSS and sustainability, even though many researchers have suggested this as a necessary step. We argue that the focus on large technical systems can be facilitated by business concepts that include technological and non-technological aspects, and thus potentially offering the opportunity for even more system-wide environmental improvements through changes in norms, user behaviours, and regulations, than for example technological changes in products and services alone. In addition, we provide components for such business concepts based on large scaled environmental technology systems that practitioners could use to focus their discussions on when planning the diffusion of such environmental technology with particular attention to regulation, public-private partnership, and legitimacy based on the characteristics of large scaled environmental technology systems. For practitioners engaged in the development and diffusion of such large technical systems, a consideration of the proposed business concept components could support their activities and potentially contribute to their success.
For further research, the discussions from the theoretical expansion of ecodesign of PSS and the proposed components of business concepts for large scale environmental technology systems opens up interesting discussions, particularly relating to the environmental benefits of such expansion, the relation between the proposed components, and the operationalization of the business concept component. Researchers could analyse more cases to exploit the proposed business concept components in the diffusion of environmental technologies. An interesting follow-up to this study might include analysing how to operationalize the components of the business concept in practise. For example, a small-sized company interested in the diffusion of its environmental technology might have to partner with a larger company to develop proof of concept and demonstrate long-term operations in certain markets as a way of building legitimacy. In addition, since regulations in many markets stipulate the environmental performance of technologies (e.g., emissions from biogas production and incineration plants), a company considering such factors in their diffusion approach is likely to incorporate such regulation targets and develop better environmentally performing systems while building legitimacy among several actors, users, and institutions connected with the large technical system.
